The new platelet antiaggregant Triflusal or 2-acetoxy-4-trifluoromethylbenzoic acid presents a structural analogy to acetylsalicylic acid (ASA). Alkaline hydrolysis of triflusal was studied in the presence and absence of cationic micelles of N-cetyl-N-ethyl-N,N-dimethylammonium bromide (CDEABr) at different KOH concentrations and different temperatures (25, 30, and 378C) using a spectrophotometric method. The influence of potassium bromide concentration upon alkaline hydrolysis at 258C is also discussed. At constant [KOH] pseudofirst-rate constant (k obs ) decreased with increasing [CDEABr] at concentrations greater than the CMC and also decreased with increasing [KBr] at constant [KOH] and [CDEABr]. To explain the effect of cationic micelles of CDEABr upon alkaline hydrolysis, the pseudophase ion exchange model was used. The values of the micellar properties such as the critical micelle concentration, the degree of micellar ionization and the neutralized fraction of the head group obtained by conductivity measurements were determined previously. ß
INTRODUCTION
Triflusal or 2-acetoxy-4-trifluoromethylbenzoic acid is a new antiplatelet drug that, despite its structural analogy to acetylsalicylic acid (ASA), is not a derivate of ASA, thus making it necessary to compare the two drugs. The main difference between the molecular structures of ASA and Triflusal lies in the fluorinated moiety of the latter (Fig. 1) .
The introduction of fluorine atoms changes the pharmacological, pharmacokinetic, and biochemical properties of some drugs. 1 The main differences in their action are that ASA produces irreversible inhibiton of platelet and endothelial cyclooxygenase (COX) activity, whereas Triflusal produces irreversible inhibition of platelet COX and reversible inhibition of endothelial COX. The main metabolites do not affect COX activity. 2, 3 Previous studies have demonstrated that Triflusal has greater antiplatelet antiaggregating activity than ASA, mainly due to its inhibitory activity on the cAMP-phosphodiesterase system. The deacetylated principal metabolite of Triflusal, 2-hydroxy-4-trifluoromethylbenzoic acid (HTB), retains cAMP-phosphodiesterase inhibitory activity, an effect not shown by the deacetylated metabolite of acetylsalicylic acid, salicylic acid (SA). 4, 5 Acetylsalicylic acid is also known to inhibit platelet activation by stimulating NO generation by neutrophils. 6 However, Triflusal showed a greater capacity to inhibit platelet activation than acetylsalicylic acid. HTB also showed this effect. 7 Triflusal is administered orally, and is rapidly metabolized and eliminated from the plasma, but this is not the case for its metabolite, [8] [9] [10] which also contributes to its activity. Various studies show that the most common adverse effects are vomiting and stomach ache, which occur as frequently as in ASA. 11, 12 Several reports have demonstrated the protective role of ASA in the control of complications of myocardial ischemia and the prevention of coronary bypass graft thrombosis. 13, 14 Several studies have shown that Triflusal can reduce the incidence of myocardial infarction in patients with unstable angina. 11 Triflusal is used in the prophylaxis and treatment of thromboembolic coronary and cerebrovascular disease, but is associated with a lower risk of hemorrhagic complications. 15 Triflusal and ASA have a similar efficacy in preventing further cardiovascular events after acute myocardial infarction. However, the former showed a more favorable safety profile and significantly reduced the incidence of nonfatal myocardial infarction. 16 The increasing use of detergent or surfactant agents in pharmaceutical preparations stems from the role these compounds play in drug formulation and stability. Surfactants are amphiphile compounds that contain polar or ionic head groups and apolar residues. They concentrate either at airwater interfaces or in water or similarly strongly hydrogen-bonded solvents and self-associate at concentrations above the critical micelle concentration (CMC) to form association colloids, known as micelles. Micelle formation is subject to the influence of physical factors such as pH, temperature, additives, counterions binding, formation thermodynamics, and aggregation number. [17] [18] [19] [20] [21] [22] [23] [24] [25] [26] [27] [28] [29] [30] [31] Micelles generally appear approximately spherical at surfactant concentrations close to the CMC, and this shape is geometrically constrained. Increasing surfactant concentrations and addition of salt results in micellar growth and change of shape to ellipsoidal. A micelle has a hydrophilic or polar surface with a hydrophobic or apolar core. This specific structure explains the ability of micelles to stabilize chemical interactions with either hydrophilic or lipophilic molecules. Despite the importance of studies on drug-micelle interactions, little attention has been paid to the effect of micelles on drug decomposition because these micelles affect the biological activity of a large number of drugs by increasing their activity through their solubilization and transport to the specific action sites or by stabilizing them against degradation by hydrolysis. Previous authors have found that the influence of micelles on the degradation of drugs or other substances depends on surfactant charge and structure 32 and also on the hydrophobicity of the substrate. 33 It is known that cationic micelles of N-cetyl-N-ethyl-N, N-dimethylammonium bromide produce an inhibition effect on the alkaline hydrolysis of acetylsalicylic acid. 34 In the present work we have studied the influence of temperature and [OH À ] upon rate of alkaline hydrolysis of Triflusal in the absence and presence of cationic micelles of N-cetyl-Nethyl-N,N-dimethylammonium (CDEABr). We previously examined some physical properties of the surfactant used. The effect of high concentrations of the micelle counterion was also studied using KBr as the reagent.
EXPERIMENTAL Materials
Triflusal was supplied by Uriach and was of the highest purity commercially available. All other chemicals such as CDEABr p.a. (Sigma), Potassium hydroxide p.a. (Panreac), and potassium bromide (Merck) were used without purification. Stock solutions of Triflusal were prepared in acetonitrile.
Conductivity Measurements
Values of the micellar critical concentration (CMC), the degree of micellar ionization (a) and the neutralized fraction of the micellar head group (b), were obtained from conductivity measurements using a Crison CM Conductimeter. The solution flask containing the conductivity cell was immersed in a water bath at 25 AE 0.18C. 
Kinetic Measurements
Before the kinetic measurements a spectrophotometric characterization was performed to achieve suitable work conditions. All the kinetic measurements were carried out in a Lambda 16 Perkin Elmer Spectrophotometer.
The rate of alkaline hydrolysis of Triflusal was studied spectrophotometrically by monitoring the appearance of the product of hydrolysis, 2-hydroxy-4-trifluoromethylbenzoic acid (HTB), at 308 nm as a function of reaction time in the presence and absence of cationic micelles at 25, 30, and 378C. As shown in Figure 2 , the Triflusal does not absorb at the wavelength of HTB. The substrate concentration was 3.3 Á 10 À4 M in all the experiments. Because OH is greater than substrate concentration the obtained rate constants are pseudofirst order. Under these conditions, for each reaction we determined ln (
) from the slope of the plots, where A o is the absorbance at time zero, A t is the absorbance at time t, and A 1 is the absorbance at equilibrium. The latter was determined experimentally. The details of the kinetic procedure and data analysis are described elsewhere. 34 
Product Analysis
The product in the alkaline hydrolysis of Triflusal is HTB. The molar extinction coefficient at 308 nm (e 308 ¼ 3937 AE 53 Lmol/cm) of HTB and its alkaline hydrolysis product turned out to be almost independent of [OH À ] and the presence of cationic micelles. The observed value of e 308 for product mixture (HTB) showed nearly 100% formation of HTB in the alkaline hydrolysis as shown in Figure 2 .
RESULTS

Conductivity Measurements
Values of the CMC, the degree of micellar ionization (a), and the neutralized fraction of the micellar head group, (b ¼ 1 À a), were obtained from conductivity measurements of different aqueous concentrations of CDEABr in the range 0-50 Á 10 À4 M at 258C. The value of CMC obtained as an intercept of the plots of specific conductivity versus [CDEABr] 35 is approximately 9.5 Á 10 À4 M, similar to that obtained by fluorimetric tecniques. 34 The degree of micellar ionization (a) is obtained as a ratio of the slopes (S 2 /S 1 ) of the conductivity versus surfactant concentration curves above (S 2 ) and below (S 1 ) the CMC, having a value of 0.27, and the neutralized fraction of the micellar head group is 0.73, as shown in Figure 3 . 
Kinetic Measurements
DISCUSSION
The experimental results obtained for the alkaline hydrolysis of Triflusal in the presence of micelles CDEABr and high concentrations of counterions of micelle (Br À ) may be easily explained in terms of a pseudophase ion-exchange proposed by Menger and Portnoy. 36 The assumptions involved and the strengths and weaknesses of this model have been critically discussed by Bunton 37,38 and Romsted. [39] [40] [41] They considered the total volume of micelles as a separate phase uniformly distributed in the aqueous phase and that the reaction occurred independently in both phases, with an equilibrium distribution of substrate between both phases according to Scheme 1 where S is the substrate, D is the monomeric surfactant, D n is the micellized surfactant whose 
For reactions where two ions compete for the charged micelle surface, Romsted 39, 41 proposed a theoretical method assuming that ions bind to micelles according to the exchange model developed for ion exchange resins. He considered that the neutralized fraction of micellar head groups, b, can be taken as constant when one of the ions in solution binds very strongly to a micelle. For the reactive ion (OH À ) and the bromide ion as a micelle counterion, the ion exchange equilibrium can be expressed by
with an equilibrium constant
Setting
and b ¼ m OH þ m Br according to Scheme 1 and eqs. 1-4, the pseudofirst-order rate constant can easily be derived as
where
where m OH can be written as
According to this kinetic model, it is possible to explain the variation of the pseudofirst-order rate constant with the CDEABr concentration in Figure 5 and the variation of the pseudofirst-order rate constant with the BrK concentration in Figure 6 .
Plots of k obs versus [CDEABr] show a marked change in k obs as the [surfactant] exceeded the CMC, that is, the rate constants increased with surfactant concentration, reaching a maximum, and decreased at high surfactant concentration, even to below the value found in the abscence of micelles. Hence, at low surfactant concentrations ([CDEABr] < CMC) there is a catalytic effect that accelerates the process, while at high concentrations ([CDEABr] > CMC) an inhibition effect takes place. When the surfactant is present in small amounts, the relative concentrations of substrate and ionic reactant in the micellar Stern layer increase rapidly with surfactant concentration, thereby accelerating the reaction. This effect may account for the upward slope of the curve.
The maximum corresponds to the surfactant concentration at which the substrate is fully bound to the micelle. All the curves have the same maximum, which appears when surfactant concentration is the same as CMC. Once all the substrate is in the micellar pheudophase, an increase in the surfactant concentration results in an increase in the unreactive counterions (Br À ), leading to a displacement of the micellar bound hydroxyl ions in the proximity of the bound substrate. This could account for the downward slope of the experimental curve at high surfactant concentration, leading to inhibition of the process.
Plots of k obs versus [KBr] clearly show that the values of the k obs decrease with increasing bromide ion concentration due to the bromide ions having a greater affinity for the surface of the micelle, thereby displacing the hydroxyl ions.
According to eqs. 5 and 6, the constant k j is a function of six parameters: k W , CMC, b, Ks, k M , and K OH Br . The kinetic constant k w is the value obtained for the aqueous alkaline hydrolysis in the aqueous medium, shown in Table 1 . The values of CMC and b were taken from the literature as 9.5 Á 10 À4 M and 0.75, respectively. 34 With these values of k W , CMC, b, the experimental results were fitted to the velocity equation proposed previously using the nonlinear leastsquares process through Marquadt algorithm. The values of Ks, k M , and K OH Br , which best fitted the experimental results are shown in Table 1 Table 1 and is the same as that obtained for ASA 34 although K OH Br is strongly affected by substrate type.
The second rate constant in the micellar pseudophase (k M ) has the dimensions of the reciprocal of time, and cannot be compared directly with the second-order rate constant k w (M min À1 ) in the absence of micelles of CDEABr. It is thus necessary to calculate the second-order rate constant (k 0 M ) for the reaction occurring in the micellar pseudophase. This requires knowledge of the exact volume of the micellar pseudophase (V M ) where the reaction occurs. Although the exact value of V M is difficult to obtain under the variety of experimental conditions, the value of V M ¼ 0.14 M À1 has been used. 42 If we assume V M to be 0.14 M À1 , then k 0 M may be calculated from the relationship k
These values are shown in Table 1 .
The ratio k W /k 0 M in Table 1 shows that the micellar second-order rate constants are smaller than the corresponding aqueous rate constants, and that this ratio is somewhat higher than that found in the bibliography for ASA in micelles of CDEABr (k W /k 0 M ¼ 100) 34 and of CTAB (k W / k 0 M ¼ 80), 43 which could be attributed to the presence of the trifluoromethyl group in the Triflusal molecule. The low value of k 0 M may be due to the interaction of the negative charge of the dissociated acid group of the susbtrate with cationic head groups of micelles. This stabilizes the ground state much more than the transition state. For this to occur, the carboxylic acid group must be present in the ortho-position. The effect of temperature upon alkaline hydrolysis of Triflusal can be seen in Figure 5 . Table 1 shows that k 0 M is greatly affected by the increase in temperature, while K S is only slightly affected, because the ratios of Ks (378C) /Ks 258C and k 0 M(378C) / k 0 M 258C are 1.5-1.7 and 2.9-3, respectively, for both NaOH concentrations. This would explain the high catalytic effect at high temperatures due to the increase in concentration of reactants in the small volume of the Stern layer. 44 The effect of KBr concentration on Triflusal hydrolysis at constant concentrations of CDEABr and KOH has also been studied. Figure 6 shows that the addition of KBr retards the hydrolysis of Triflusal, mainly due to the displacement of hydroxyl ions by the bromide ions of the micellar surface. Furthermore, the presence of KBr modifies substrate solubility in the micelle, as shown by the values in Table 2 .
CONCLUSION
Cationic micelles retard the alkaline hydrolysis of Triflusal when CMC is reached. This effect is the same as with ASA, but the order of inhibition is different due to the incorporation of the trifluoromethyl group to the Triflusal structure. Changes in the reagents concentration modify the polarity of the micelle thus influencing the inhibitory effect of these micelles. The presence of KBr retards the reactions.
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